Background: Tuberculosis (TB) constitutes a large burden of infectious disease in Nepal. Objective: Model incidence of TB between 2003 and 2008 in Nepal. Methods: A retrospective study was conducted in Nepal of tuberculosis incidence by gender and location over the six years period. Data were obtained for 198,719 tuberculosis cases from the Nepal Tuberculosis Center (NTC). A negative binomial model with two multiplicative components as predictors was used and provided a good fit. Results: The model extracted a decreasing trend during the first five years followed by a drop in 2008.The overall incidence of TB was 1.31 cases per 1,000 population with a male to female incidence rate ratio of 1.86. There were pronounced spatial variations with higher rates occurring in the Terai region, followed by the Hill, and Mountain regions. Conclusion: Tuberculosis incidence showed a steady decreasing trend, but the number of cases was still very high. Gender differences existed in TB incidence in Nepal. Higher rates were observed in the Terai Region and urban areas. These findings highlight the need for the tuberculosis control measures to remain on a sustained and long-term basis for the high TB burden rate of Nepal.
Tuberculosis (TB) is a major public health problem in Nepal. Data from the National Tuberculosis Program of Nepal shows that there are more than 30,000 infectious cases and 5,000-7,000 deaths due to TB annually [1, 2] . It is the most common cause of death in the most economically productive age group comprising adults aged 15 to 49 years [3] . As in other countries, the tuberculosis epidemic in Nepal can be traced in part to poor working and living conditions. Many of these conditions persist to this day, and along with the Multi Drug resistance (MDR-TB) and HIV/AIDS epidemic, have fueled the current high levels of tuberculosis disease in the country.
The National Tuberculosis Center (NTC) annual reports provide evidence that the magnitude of tuberculosis infection across the country is high and varies with location. The reported caseload is extremely high in the Terai and the Hill parts of the country and is high in many urban areas [1, 2] .
Several studies have found a gender difference in tuberculosis incidence [4] . In Nepal, the female/ male ratio was found to be below parity among TB suspects undergoing sputum examination and for all types of TB case detection [5] .
Public health officials often need to compare the standardized disease incidence rate within the area and time frame, so that necessary actions can be taken. Statistical modeling provides the appropriate quantitative framework for investigating key issues related to tuberculosis incidence, transmission dynamics and predicting the effects of different interventions.
Investigating the regional and temporal pattern of disease can indicate areas with problems and possibly predict periods of likely disease epidemics. It can also help the concerned health authorities to plan an effective prevention program. The Poisson distribution and its extension to the negative binomial distribution to handle over-dispersion is a standard approach to modeling event count data.
The aim of the study is to model incidence of tuberculosis in Nepal between 2003 and 2008. 
Materials and methods

Study area and data source
Nepal is a landlocked country in South Asia. It has five development regions (eastern, central, western, mid western, and far western), 14 zones, 75 districts, and has a current population growth of 2.2% [6] . It is divided into three distinct geographical regions: Mountain (7% of the population), Hill (43%), and Terai (50%), in decreasing altitude.
Nepal is covered by the National Tuberculosis Control Program (NTC), which strictly follows the World Health Organization strategy defined as Directly Observed Treatment, Short Course, and regularly issues a progress report. The information used regarding cases was provided by NTC, Thimi, Bhaktapur. The reported cases for each year are available in computer files comprising characteristics of the disease, gender, address, and the severity of the illness. The independent variables are gender, location, and calendar year (2003) (2004) (2005) (2006) (2007) (2008) .
To simplify the effect of location of residence when calculating incidence rates, we grouped one or more contiguous districts in each zone and formed 64 "super-districts" containing populations of above 100,000.
Statistical methods
Poisson models for disease counts are often overdispersed due to clustering, in which case the negative binomial model is more appropriate. The negative binomial model is an extension of the Poisson model for incidence rates that allows for the over dispersion that commonly occurs for disease counts. If λ ijt denotes the mean incidence rate for gender i, geographical location j and year t, an additive model with this distribution is expressed as In this model, P ij is the corresponding population at risk in 1000s and the terms α i , β j and γ t represent gender, location, and year effects that sum to zero, respectively, and μ is a constant encapsulating the overall incidence. The model fit is then assessed by the linearity in the plot of deviance residuals against normal quantiles, and also by examining plots of observed counts and appropriately scaled incidence rates against corresponding fitted values based on the model. We investigated regional and temporal pattern of this disease using the additive model given by eq. 1 with the negative binomial distribution to account for over-dispersion, but found that this model still has excessive deviance. The incidence rate for tuberculosis depends strongly on gender, and in Nepal, this gender effect varies over districts. For this reason, we used the multiplicative equation 2 where the additive effect for gender in Eq. 1 replaced by a sum of multiplicative factors combining gender and district as follows:
The sum contrasts [7] were used to obtain confidence intervals for comparing the adjusted incidence rates within each factor with the overall incidence rate. The confidence intervals for factorspecific incidence rates obtained from the model divide naturally into three groups according to their location entirely above the mean, around the mean, or entirely below the mean. We used this trichotomy to create schematic maps of super-districts according to their estimated tuberculosis annual incidence rates.
The R program was used for all statistical analysis, graphs, and maps [8, 9] .
Results
Preliminary analysis
During the study period (2003) (2004) (2005) (2006) (2007) (2008) , 198,719 confirmed cases were notified. The number of cases varied from 0 to 1,801 per year, with 127,979 male cases and 70,740 female cases. The mean incidence rate of TB was 1.31 per 1,000 populations. The incidence rates by year are shown in Table 1 .
Statistical analysis
Different models based on Poisson and negative binomial generalized linear models were considered, taking into account the need to provide a satisfactory fit to the data without an excessive number of parameters in the model. This criterion proved difficult to meet with purely additive linear models. In the end we selected a nonlinear model with two multiplicative components (m=2 in Equation. 2 similar to an extension of the Lee-Carter model used for mortality forecasting [10] . The negative binomial generalized linear model fitted the data quite well, as indicated by a plot of deviance residuals against normal quantiles.
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The multiplicative components were estimated as eigenvectors of a covariance matrix [11] , so it was possible to fit the negative binomial model straightforwardly. A linear trend decreased during the first five years followed by a drop in 2008. Figure 1 shows plots of the adjusted annual TB incidence rates/1000 for males and females and their confidence intervals for each super-district. The vertical dotted line of represent the fourteen zones of Nepal and vertical line represent the five development regions. The horizontal line corresponds to the overall incidence rates for males and females combined (1.31 per 1,000 population). The dark line represents the males and the light line represents females. The dotted horizontal dark line corresponds to the mean incidence rates for males (1.70 per 1000 population) and the dotted horizontal light line corresponds to the mean incidence rates for females (0.91 per 1000 population). In most super-districts, there is high incidence of TB in males. Figure 2 shows a schematic map of the male and female adjusted incidence rates for super-districts, using the confidence intervals plotted in Fig. 1 to classify these regions as above the mean (darkest shade), below the mean (lightest shade) or not evidently different from the mean (intermediate shade). Higher TB incidence rates occurred for males and females in most of the super-districts of the Terai region and some super-districts of the Hill region. 
Discussion
In Nepal, tuberculosis is a serious public health problem where more than 30,000 cases occur every year; half of them are infectious with the disease spreading in these communities.
The findings showed that gender differences existed in the incidence of TB; the male to female incidence ratio was 1.86. This is reasonably consistent with TB incidence and gender patterns found in recent studies in Nepal [5] .
Epidemiological findings demonstrate that in most settings, tuberculosis incidence rates are higher for males, at all ages except in childhood, when they are higher for females. Studies have reported that sex differentials in prevalence rates begin to appear between 10 and 16 years of age, and remain higher for males than females thereafter [12] .
The decreases in trends of TB incidence over the six-year periods were consistent with the WHO report and NTC annual report on tuberculosis. The decrease in TB incidence may be attributed to successful TB control program in the country with the expansion of DOTS, case finding and treatment success in the recent years in Nepal [1, 2] .
There were pronounced spatial variations in TB incidence for males and females with higher rates occurring in the Terai region, followed by the Hill and Mountain regions. Thus, it can be concluded that tuberculosis is more prevalent in the Terai region. Studies from the UK and Spain have shown seasonal variations in tuberculosis rates and higher notification rates over summer and in hotter regions [13, 14] . This increase has been attributed to impaired host defense mechanisms [15] . However, the notification rate in the Terai region can be attributed to not only medical factors, but also social and environmental factors. The Terai region is characterized by high temperatures, low socio-economic status, malnutrition, high levels of poverty, and social deprivation, all contributing to TB infection. However, the lower incidence rates of tuberculosis in mountain areas are consistent with studies from Kenya and Mexico, which reported that the tuberculosis incidence decreases strongly with increasing altitude [16, 17] .
TB incidences were also found to be higher in urban areas. The high number of cases in cities may be due to increasing poverty, migration, and homelessness in cities that seems to be linked with the reemergence of TB. Associations among tuberculosis, urbanization, and poverty have been noted in studies from countries as diverse as India [18] and the Philippines [19] . It is clear that growing numbers of poor, malnourished people living in unhygienic, overcrowded conditions can facilitate the transmission of TB in Nepal.
Our study had some limitations. We analyzed a short period (from 2003 to 2008). Additional analyses are needed to evaluate the trends of tuberculosis using data for a longer study period, or more detailed incidence data (monthly, quarterly). Second, we could not incorporate age, which is considered as one of the risk factors for tuberculosis, due to unavailability of age-specific incidence data.
Conclusion
This study presents insights into the incidence of TB by gender, year and location. These findings require further investigation, but highlight the importance of selectively monitoring geographic locations and the planning of future intervention strategies.
